Studies of the elderly worldwide over the last 3 decades have reported that a self-rating of "poor" compared with "excellent/good" health increases the relative risk of dying. The authors tested the strength of this association by performing age-stratified Cox regression analyses on a 5-year longitudinal study of a representative sample of noninstitutionalized elderly aged 65 years and older (n = 3,094) in a district of Shanghai, China. More than 20 potential confounders that were only partially controlled in other studies and threats to response validity due to cognitive impairment or diagnosed dementia that were not considered in previous studies were taken into account in this analysis. The results showed that among those aged 65-74 years, "poor" perceived health • increases the adjusted relative risk of death by 1.93 (95% confidence interval 1.20-3.11) compared with "excellent/good" health. The adjusted relative risk of a "fair" rating of health is 2.16 (95% confidence interval 1.44-3.25). In the older age group, mortality risks for the ratings of fair as well as poor compared with excellent/good health were not statistically significant. The authors posit that several mechanisms related to host vulnerability markers and greater-than-expected utilization of health services may explain the association between self-assessed health and mortality risks. Future research should strive to develop more precise measures of these and related variables. Am J Epidemiol 1998;147:880-90.
In epidemiologic studies of the elderly conducted over a span of 30 years, investigators from North America (1) (2) (3) (4) (5) (6) (7) (8) , Europe (9) (10) (11) (12) (13) (14) (15) , Asia (16, 17) , and South Asia (18) have reported an association between self-rated health and all-cause mortality that remains unexplained. A global assessment based on a general question to rate one's health at the present time, selfperceived health has been shown to be a robust predictor of the hazards of death in all but one paper (19) we reviewed. The estimate of risk was greater for self-ratings of "poor" than of "fair" compared with that of "excellent" health. In stratified analysis, males had a higher risk than females (2, 3, 10, 20) , except in Spain (12) and Australia (18) .
With multivariable techniques, the operationalization of the construct varied slightly, and model development differed widely from study to study, as did the choice of statistical controls. Yet, the findings remained remarkably consistent. Objective measures of health and psychosocial factors reduce, but do not eliminate, the significant association between selfassessed health and mortality risks.
The major objective of this paper is to test the association between self-rated health and mortality in a 5-year longitudinal study design using a populationbased representative sample of elderly in a district of Shanghai, the People's Republic of China. The Shanghai Survey of Alzheimer's Disease and Dementia, unlike other datasets that have been used to examine the association between perceived health and mortality, has nearly all of the different confounders that were noted but only partially controlled for in the studies cited earlier (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Furthermore, cognitive impairment and clinically diagnosed dementia, two major factors contributing significantly to possible response inaccuracy in self-ratings of health that were not considered in previous studies, are taken into account in this analysis.
MATERIALS AND METHODS Study population
A single-stage, age-stratified (ages 55-64, 65-74, and 75 years and older) random cluster sample with known probability was drawn from a sampling frame consisting of all noninstitutionalized elderly of Jing-An District in Shanghai. In anticipation of increasingly higher mortality rates with age, the two older groups were oversampled in inverse proportion to their known population-size ratio (21, 22) . This sample design was taken into account in the data analysis.
Of the 6,634 persons sampled in 1987, 5,271 were contacted (1, 202 traveled, 85 moved out of district, 34 died before interview, 18 were ill during the study interval, 21 refused, and three were from unoccupied dwellings). Of these, 5,055 could be tested with the Chinese Mini-Mental State Examination (CMMSE), which we translated and modified from the instrument developed by Folstein et al. (23) to screen for cognitive impairment (24) . (The "no CMMSE" category included 159 deaf, 17 blind, 17 mute/paralyzed, and 23 other disabilities.) In 1992, 3,071 persons from the 1987 survey were rescreened using the CMMSE without knowledge of their 1987 scores or diagnosis (903 died, 698 moved out of the district, 232 traveled, 60 refused, 38 ill, 17 deaf or blind, and 36 other reasons). In both 1987 and 1992, those who were identified as possible cases of cognitive impairment through firststage screening, a random subsample (5 percent in 1987; 10 percent in 1992) of the remainder (who screened "negative"), and all questionable cases were subjected to a second-stage examination, which included a series of intensive clinical, psychiatric, cognitive, and neuropsychologic evaluations performed by clinicians, supplemented by information on modified ischemic score (25) . All information was obtained by using a structured interview schedule administered in the respondents' homes (26) . A binational panel of experts then reviewed these data to arrive at a consensus diagnosis of dementia by using the Diagnostic and Statistical Manual of Mental Disorders, Third Edition (27) criteria and a consensus of subtypes of dementia (Alzheimer, vascular, and other) by using the National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association criteria (28) .
Selection of study subjects
To focus on the elderly, this paper utilizes data from the 1987 cohort of persons aged 65 years and older for whom we have no missing information. To ensure response validity of self-perceived health ratings, we applied a set of exclusion criteria prior to this analysis. These are 1) persons who were diagnosed as having Alzheimer's disease or other types of dementia at baseline; or 2) those who could not complete the CMMSE; or 3) those whose baseline clinical diagnosis were questionable regardless of their CMMSE performance; or 4) those whose CMMSE summary scores fell below our education-dependent cutoffs (17/18 of a possible maximum of 30 points for persons with no education, 20/21 for those with an elementary education, and 24/25 for those with a high school education or more), even though they did not meet the diagnostic criteria for the dementia syndrome.
Measures and study variables
Self-perceived health. The variable of primary interest is based on the question, "How would you rate your health at the present time-excellent, good, fair, or poor?" Owing to low frequency in the excellent category, it was grouped with the good category. Evidence that the hazard ratio is not significant for the good rating compared with the excellent rating can be found in at least two papers (11, 19) .
Sociodemographic characteristics. The sociodemographic variables included age (ages 65-74 years and 75 years and older), gender, education (illiterate, elementary school, high school, or higher), and marital status (married vs. nonmarried, which includes never married, widowed, divorced, separated, and married but not living with spouse). Income was excluded because of lack of variability.
Social network and support. A combined index of social network and support (SNS) was constructed from binary responses (yes, no) to the following categories: 1) saw or heard from children at least twice a month or talked to someone in the past week; 2) knew at least one person well enough to visit; 3) had a confidante (other than spouse); 4) got together with neighbors, coworkers, friends, or relatives about once a month; 5) engaged in active social participation, such as joining clubs or social organizations, participating in group entertainment or outdoor activities, or attending religious or political events; 6) having someone to help run errands. The range of the possible summary scores for SNS is 0-6. We defined 0-3 as a low level of SNS (coded 1; otherwise = 0).
Hearing impairments and eyesight problems. Persons who wore hearing aids or reported fair or poor hearing or were deaf counted as having hearing impairment (coded 1; otherwise = 0). Those who reported having glaucoma or cataracts, or who had fair or poor vision, or who were blind were considered as having eyesight problem (coded 1; otherwise = 0).
Physical functioning. A three-point index of physical functioning was constructed by using questions that tap both mild physical, ambulatory problems and more serious difficulties with activities of daily living. "Mild" difficulty with physical functioning at baseline (coded 1) exists if the respondent had a self-reported or diagnosed arthritic/rheumatic condition or if he/she used a cane, a walker, a wheelchair, a leg brace, a back brace, or an artificial limb to assist in ambulatory movements, or if he/she relied on a catheter, colostomy equipment, or a kidney dialysis machine. To measure more severe functional dependency, we translated and modified the Older Americans Resources and Services Multidimensional Functional Assessment-Activities of Daily Living (29) and used it to construct a parallel Katz's functional disability scale (30, 31) . Any difficulty with eating, bathing, dressing or undressing, transferring, using the toilet in time, walking near home, or walking on flat surface was coded 2. Respondents who met neither code 1 nor code 2 criteria were coded 0 (physically able).
Center for Epidemiologic Studies-Depression (CES-D) scale.
We translated the 20-item CES-D scale (32) into Chinese to assess whether depression was associated with mortality as had been reported in other studies (33, 34) . Scored 0-3 in terms of frequency of symptom occurrence in the previous week, the scale has a possible summary score of 0-60. On the basis of the US findings (35, 36) and our pilot data in Shanghai, a total score of 16 or more was considered as possibly clinically significant depression symptomatology (coded 1; otherwise = 0). Three other psychosocial variables (loneliness, living arrangement, and life satisfaction), used as controls in a few investigations, were excluded from this analysis either because they are already found in the CES-D scale or because they were significantly associated with the CES-D summary score.
Medical condition. Fourteen groups of diseases that we found to be strong predictors of mortality (37) were included in this analysis (each coded 1; otherwise = 0). They are asthma, bronchitis, or emphysema; heart disease; diabetes; kidney disease; cancer/ leukemia; stroke; tuberculosis; hypertension; hardening of arteries; circulatory troubles in extremities; ulcers; hepatitis B/liver disease; anemia; and Parkinson's disease.
Health practices. An index of health practices was constructed from five questions adapted from the Alameda County Study (38) (39) (40) . These are low level of physical activity (defined as exercising "once in a while" or "not regularly"), over-or underweight, not getting 7-8 hours of sleep daily, not eating breakfast daily, and snacking between meals. Responses were dichotomized in the analysis. The total score ranged from 0 to 5, which was regrouped such that 0-2 indicates poor health practices (coded 2), 3 is average (coded 1), and 4-5 indicates good health practices (coded 0). Smoking and alcohol use were treated as separate control variables. Current smokers and exsmokers were coded 1 (otherwise = 0). Owing to lack of variability (41), "above average" alcohol use in this cohort was defined as current drinking of six or more times a year or past drinking of more than 2-3 times a month (coded 1; otherwise = 0).
Doctor visit. Utilization of health services and hospitalizations may be associated with one's health perceptions (2, 7, 19, 20) . We used time since last visit to a doctor to estimate whether the elderly had been hospitalized or had utilized any health services (within the last 12 months = 1; otherwise = 0).
Survival time. Survival time was measured by the number of years the respondents lived between the 5 years and 4 months of follow-up. Use was made of the records maintained by the Jing-An Paichusuo Office of the Shanghai Bureau of Public Security to carry out a complete ascertainment of death for all respondents interviewed in 1987. Those whose vital status could not be ascertained from the death registration records were assumed to be alive and censored.
Statistical analysis
We estimated the survival functions for each covariate by the Kaplan-Meier product-limit method using the BMDP software (42) . Plots of the perceived-health survival functions were made with SPSS 6.0 (SPSS, Inc., Chicago, Illinois) graphing option. The Cox regression model (43) provided estimates of the crude relative risk and 95 percent confidence interval for each of the antecedent and control variables. A test for the assumption of proportional hazards was performed by entering an interaction term consisting of the covariate X time into a Cox regression model with the covariate. Statistical significance of the interaction term with time implies that the hazard functions are nonproportional. Next, those covariates with significant interactions with time were reassessed by using the likelihood ratio test, with the full model consisting of all the variables and their significant interaction terms compared with the nested model, which removes each interaction term one at a time. We then fit a Cox regression model consisting of all covariates, their significant interaction with time, and the interaction terms between gender and the two indicator variables of self-perceived health. The last term was tested because of the finding reported from Spain (12) and Perceived Health and Mortality in Shanghai, China 883 Australia (18). However, it was not statistically significant in predicting mortality at a = 0.05 and was therefore removed from the final model.
RESULTS
Of the 3,558 respondents 65 years and older at baseline, 66 percent were age 65-74 years, 31 percent were age 75-84 years, and 3 percent were age 85 years and older; the oldest person was then age 93 years. Of the total, 409 elderly (11.5 percent) were diagnosed as "probable" dementia cases or showed signs of cognitive impairment, leaving 3,149 (88.5 percent) cognitively "normal" elderly. Of these, 55 were excluded from this analysis because of missing data in at least one of the variables used as statistical controls. Among the remaining 3,094 persons, 606 (19.6 percent) died, and 2,488 (80.4 percent) were alive at follow-up (no event). Among those with known events, the survival time ranged from 0.01 to 5.44 years; the mean survival time was 4.78 years (standard error = 0.96) for those aged 65 years and 4.32 years (standard error = 1.41) for the older group. Figures 1 and 2 show the Kaplan-Meier survival curves for self-ratings of health in the two age groups, unadjusted for potential confounders. Table 1 shows the percentage of deaths among Chinese elderly aged 75 years and older (the "older old") compared with those aged 65-74 years (the "young old") by sociodemographic characteristics and other covariates. For both age groups, the crude relative risk of mortality is highest in those who rated their health as poor, followed by fair, compared with excellent/good. The risk is also higher in males than in females, in those who were depressed than in the nondepressed, in the func- tionally dependent than in the functionally independent, in those who had Parkinson's disease or stroke or asthma/chronic bronchitis or emphysema than in those without these specified diseases. Among the young old, those who perceived their health as poor had 1.93 times the risk of dying, while those who rated their health as fair had 2.16 times the risk compared with the group who assessed their health as excellent/good after adjustment for all of the variables listed in table 2. In the older group (table 3) , the adjusted relative risk of mortality was 1.34 times higher among those who rated their health as poor compared with those with an excellent/good rating. For fair compared with excellent/good health rating, the adjusted relative risk was 1.14, which was not statistically significant.
Other factors were also significantly associated with 5-year mortality risks, and these differed by age group, e.g., for the older age group, being male; being without a spouse; being depressed (borderline significance); being disabled, and having a mild problem in physical functioning; and for the young old, being male; having an elementary level of education; being a current or ex-smoker; being disabled; having asthma, chronic bronchitis, or emphysema; and having cancer or leukemia.
DISCUSSION
Self-perceived health, a simple and unsophisticated measure, proved to be significantly associated with mortality among nondemented and cognitively functioning elderly in China. The adjusted relative risk estimate is statistically significant for the age group 65-74 years, but not for the older group. It is note- Table continues worthy that none of the 19 studies we reviewed showed age-stratified analysis of relative risks. However, two studies that reported a significant association were restricted to persons aged 75 years and older (9, 15) . It is possible that some of the variability in the reported estimates of relative risks may be due to the differences in age distributions of the elderly across populations.
In Shanghai, the adjusted relative risk for mortality associated with ratings of poor as well as fair health compared with excellent/good among the young old stood at approximately 2.0 after more than 20 potential confounders in each age group were taken into consideration. The strengths and consistency of the Shanghai finding are impressive. Its relative risk estimate is just slightly lower than those reported in other studies that have followed up-altogether, at least 42,488 persons aged 65 years and older worldwide for 2-13 years, with an average follow-up time of 5.3 years and a median relative risk estimate of 2.4 (range, 1.4-93.5).
How does an elderly person's prescience of death arise, particularly when the measurement based on a single item is imprecise and the forecast stretches over 5 years or longer? Complex explanations have been offered that involve the bidirectional influences of host vulnerability on psychoneuroimmunologic responses via the hypothalamus-pituitary-adrenocortical pathways (44) (45) (46) (47) (48) . New evidence is emerging concerning the association of immunosuppression with negative Perceived Health and Mortality in Shanghai, China 885 Table continues self-evaluation (49), demoralization (50) , and the diagnosis of depression (51) (52) (53) (54) . However, simpler proximal explanations have also been presented, namely, that "perceived health reflects an individual's awareness of symptoms, diagnoses, and performance decrements that are associated with mortality risk" (55, p. 259). In general, results from multivariable analysis have demonstrated that the statistically significant association between self-assessed health and mortality risk is independent of objective health measures. In our view, the crux of the matter may be the subjective appreciation of the overall burden of morbidity beyond what can be determined by a medical expert from brief examinations or laboratory tests. The predictive power of self-assessed health, especially ratings of poor health, may be a result of the cumulative effects of 1) host vulnerability factors or markers, and 2) higher-than-expected medication use and health services utilization, including doctor's visits and hospitalizations. Host vulnerability factors or markers are those characteristics associated with being of a specific sex; being unmarried; having certain diseases, such as cancer or leukemia, asthma/chronic bronchitis, or emphysema; and other adverse risk-taking behaviors that are likely to be highly correlated with persistently "unhealthful" lifestyle factors. Higher-thanexpected medication use or utilization of health services can be due to repeated infections or severe chronic illness, multiple medical conditions or comorbidities, and/or cumulative history of closely spaced doctor's visits-all of which reflect poor health status and can be a proxy for a spiral of health deteriorations leading to increased reliance on medical care as well as home health care to slow down the rate of decline in functioning. Pieces of these ideas are emerging from scattered research on perceived health in samples of young and middle-age persons (2, 7, 19, 20, (55) (56) (57) (58) (59) , although contradictory results have been reported by others (2, 16, 19) .
Among the unique strengths of this study are its relatively long follow-up design, use of a representative sample of noninstitutionalized elderly, exclusion of suspect and clinically diagnosed cases of cognitive impairment and dementia, and the application of timeto-event analysis with simultaneous control of the most important confounders, not all of which were taken into account in existing logistic regression models of self-perceived health and mortality risks. The only other Chinese study that is remotely comparable with ours is a 2-year follow-up of 1,054 nonrepresentative institutionalized and community elderly aged 70 years and older in Hong Kong, where clinical diagnoses of dementia were not assessed, and logistic regression was the analytic method used (16) . The mortality risk estimates for worse health compared with others was 2.0 after adjustment for age, sex, residence, marital status, smoking, limited ability in activities of daily living, and body mass index. In contrast, we obtained risk estimates of 1.93 for a poor self-rating versus excellent/good among those aged 65-74 years and 1.34 for parallel ratings among the older Chinese after adjustment for more than 20 covariates. In the Hong Kong study, however, ratings of "bad" health versus average or good health, which is the question comparable with global self-assessment of health, did not achieve statistical significance when adjusted for confounders in addition to age and sex. Just what distinguishes "worse health compared with f Also adjusted for marital status, Center for Epidemiologic Studies Depression Scale, social network and support, number of good health practices, alcohol consumption, hearing impairment, eyesight, doctor's visit, heart disease, diabetes, kidney disease, stroke, tuberculosis, hypertension, hardening of arteries, circulatory problem in extremities, ulcers, hepatitis B/liver disease, anemia, and Parkinson's disease.
others" from a self-rating of "bad health" was not explained. Despite the dissimilarities in the age distribution of study populations, data collection, methods, and analytic procedures, the Shanghai estimates of adjusted mortality risks for sex (2.53 for ages 65-74 years; 2.29 for age 75 years or more) and physical functioning (2.97 for disabled in the age group 65-74 years; 2.73 for disabled in the age group 75 years or more) are strikingly similar to those reported for Hong Kong (3.3 and 3.7 for the age group 70 years or more, respectively).
We note some limitations in our study. First, the checklist of medical conditions was based on selfreports of diagnosis that the elderly believed they had received from health care professionals. Underreporting or misunderstanding of physician's evaluations may have led to misclassification. However, if misclassification was nondifferential, it would have underestimated the true mortality risks. Second, except for dementia, stroke, Parkinson's disease, hypertension, heart disease, and chronic bronchitis, which were clinically reevaluated by trained physicianinterviewers, direct clinician information on other diagnosed diseases was not collected because of limited resources. Third, our measure of use of health services utilization, as in other studies, was not sufficiently refined, and there were only two data collection points, supplemented by record review to obtain exact event time. Repeated multiple-point, follow-up studies using methodologically rigorous measures of host vulnerability and lifestyle factors, as well as precise multidimensional operationalization of healthseeking behaviors, would be useful to examine the antecedent factors of self-ratings of health and at the same time would unravel the consequences of such assessments on changes in functioning. A recent paper (58) underscores the implications of self-assessed health for functional ability. What is needed is a better understanding of the origins of self-perceived health.
Fourth, the risk estimate observed for the illiterate 888 Yu et al. t Also adjusted for education, social network and support, number of good health practices, cigarette smoking, alcohol consumption, hearing impairment, eyesight, doctor's visit, asthma/chronic bronchitis/emphysema, heart disease, diabetes, kidney disease, cancer/leukemia, stroke, tuberculosis, hypertension, hardening of arteries, circulatory problem in extremities, ulcers, hepatitis B/liver disease, anemia, and Parkinson's disease.
was contrary to our expectations. It may be an artifact of analytic bias introduced by our exclusion criteria. Approximately 52.6 percent of the 409 persons who were cognitively impaired or demented (and therefore were excluded from analysis to ensure response validity) had no education, 25.4 percent had an elementary education, and 22.0 percent had high school education or more. Thus, although the proportions with high school, elementary, and no education were nearly identical among the elderly who died and those whose data were censored (table not shown), the association between illiteracy and Alzheimer's disease, other dementias, and cognitive impairment (24, 37, 60) had most likely shifted the relative mortality risk toward unity among the illiterate compared with the group with high school education or more.
From a methodological perspective, the two key assumptions in time-to-event analysis, i.e., uninformative censoring and absence of secular trends, were met in our study. First, age-stratified analysis showed that the group lost to follow-up did not differ significantly (at a -0.05) from the group for whom we have complete data (table not shown) on any of the variables shown to be independent predictors of mortality in tables 2 and 3. Second, the length of follow-up is not sufficiently long for major secular trends to be an important concern.
In sum, we have provided firm evidence of an association between self-ratings of health and mortality risks. To discount the value or importance of selfreported health as a mortality risk is to ignore a fundamental epidemiologic fact that health and illness are social as well as medical phenomena. Without a doubt, self-perceived health characterizes the elderly's definition of the situation and has health as well as mortality consequences. As such, self-rated health is psychosocially valid in and of itself. Notwithstanding the danger of imputing too much predictive power to a single-item scale, we conclude this paper with a quotation attributed to Sherlock Holmes that" [w]hen you have eliminated the impossible, whatever remains, however improbable, must be the truth," (61) even though we do not yet know the specific causal pathways.
